Performance trends in elite triathletes competing in age group classes have been investigated for Ironman triathlon in 'Ironman Hawaii' but not for short distance triathletes competing at international level in event such as the Olympic distance triathlon at the World Championships. The aim of the present study was to evaluate participation and performance trends of age group triathletes competing in the Olympic distance triathlon at the ITU (International Triathlon Union) World Championships 2009-2014. During this period, the number of participants remained constant. Swimming performance improved in athletes in age groups 25-29 years to 55-59 years, but not in younger (18-24 years) and older (> 60-64 years) age groups. Cycling performance improved in athletes in age groups 18-24 years to 70-74 years, but not in age group 75-79 years. In running, athletes in age groups 18-24 years, 30-34 years, 35-39 years and 65-69 years improved, but not in the other age groups. Overall race time was improved by athletes in age groups 18-24 to 65-69 years, but not in age groups 70-74 years and 75-79 years. Transition times were improved by all age group athletes. Women were slower than men in swimming, cycling, running and overall race time in age groups 18-24 years to 70-74 years, but not in the age group 75-79 years. For transition times, women were slower than men in age groups 18-24 years to 65-69 years, but not in age groups 70-74 years to 75-79 years. In summary, women and men improved performance in most age groups across all years, men were faster than women except in the age group 75-79 years and the sex difference between women and men remained constant. This knowledge should be considered when future age group triathletes train for and compete in Olympic distance triathlons at international level.
Introduction
Triathlon is characterized by the successive completion of three sport disciplines (i.e. swimming, cycling and running). The subsequent stress put on varying muscle groups, the quick changing of sport clothes and material, as well as the athlete's fast adaptation to the requirements of the next discipline, are all demands of this sport (7, 26) . Triathlon can be defined as 'one sport, three disciplines and two transitions with specific biomechanical, physiological, and sensorial adaptations required for the second transition from cycling to running' (25, 47) . Most of the existing literature on triathlon has focused on profiling the anthropometric (3, 10, 30, 32, 35, 52) , physiological (9) and psychological characteristics (11, 27, 49) of athletes.
The age-related performance decline was also investigated for different sports and distances (6, 18, 34, 41, 47) . In triathlon, participation and performance trends have been thoroughly investigated for age group athletes in the Ironman distance and by sex in ultra distance triathlons (25, 33) . However, as the influence of the competition distance could be demonstrated for marathon and half-marathon events, it seems reasonable to also consider the Olympic distance triathlon (2, 60) .
Until now there has been no literature focusing on the participation and performance trends in elderly athletes (> 75 years) in the Olympic distance triathlon. Studies investigating marathon runners indicated an increasing number of participants, as well as an improved performance for athletes older than 75 years (1) . Existing studies about participation, age and sex interactions in performance of age group athletes in triathlon used data from national competitions (18) , but international events were previously not included.
Following the definition of ITU (International Triathlon Union), age group triathletes are recreational athletes (and not professional like elite athletes). 1 As only 0.1% of the 2.3 million registered triathletes are professionals, the majority take part in competitions using the age group system. 2 The ITU Triathlon World Championship over the Olympic distance for age group athletes is held annually. The standard distance for an ITU race is 1.5 km swimming, 40 km cycling, and 10 km running. 3 In 1994, this format was adopted by the Olympic Games and in 2000 the first Olympic Triathlon took place in Sydney. As a result, a race consisting of these distances is also classified as the Olympic distance. 4 The Olympic distance format of triathlon has unique characteristics compared to the Ironman triathlon. It would therefore be of great practical value for both athletes and coaches to be aware of specific participation and performance trends of age group starters in the Olympic Triathlon. Less information is available with regards to participation and performance trends across years. Previous studies that examined these kind of parameters were carried out mostly on the Ironman triathlon format (21, 59) . Moreover, these trends might vary by age and sex, as revealed by analysis of the Ironman triathlon (59) , so these parameters should also be considered when assessing the Olympic distance triathlon.
The aims of our study were therefore to investigate (i) the participation and performance trends of age group athletes at the ITU World Championships over the Olympic distance triathlon from 2009 to 2014, and (ii) the changes in terms of sex difference over the same period.
Materials and Methods

Ethics Approval
All procedures used in the study were approved by the Institutional Review Board of Kanton St. Gallen, Switzerland, with a waiver of the requirement for informed consent of the participants given the fact that the study only involved the analysis of publicly available data.
Data Sampling
The data for this study was taken from the World Championships result lists over the Olympic distance from 1989 to 2014 that are digitally available. 5 In this time period, a total of 20,100 athletes participated in different competitions. Due to incorrect or incomplete data sets the races from 1989 to 2000 were not considered reliable for data analysis. For 1989, the data for age group participants was collected without transition times; we subsequently excluded this data from our analysis. From 1990 to 2003, no result lists for the various age groups were provided. The majority of data sets were either incorrect or incomplete for the years from 2004 to 2008; these could also not be included in our study. What remained were the data sets for triathletes who competed in the years 2009 to 2014 as age group participants in the Olympic distance at the World Championships. Therefore, this study includes primarily the data of 8,605 participants. As a result of poor weather the swimming distance was halved to 750 m at the London World Championships in 2013. The results of the 2,108 participants were excluded from this study because of the non-comparable swimming times. Due to incomplete or incorrect data sets an additional 13 participants in the period from 2009 to 2014 could not be considered. The reasons for data exclusion are listed in Table 1 . In the end, the data sets from 6,484 triathletes were considered for statistical analysis. To allow for comparisons with other studies, the data sets for the age groups 18-19 and 20-24 years were integrated into the more commonly accepted age group of 18-24 years.
Statistical Analysis
To analyze changes in performance of finishers, a mixed-effects regression model with each participant as a random variable was used to consider participants who completed several races. We included 'sex' and 'calendar year' as fixed variables in our analysis. Models were calculated for each age group and the final model was selected by means of Akaike Information Criterion (AIC). Sex difference was calculated using the equation 100 × ([time in women] -[time in men]/[time in men]). All sex differences were transformed to absolute values before analyzing and subsequently investigated for changes using linear regression models. Statistical analyses were performed using IBM SPSS Statistics (Version 22, IBM SPSS, Chicago, IL, USA) and GraphPad Prism (Version 6.01, GraphPad Software, La Jolla, CA, USA). Significance was accepted at P < 0.05 (two-sided for t-tests). Data in the tables are given as mean ± standard deviation (SD).
Results
Participation Trends
No significant change in the number of female or male participants for any of the age groups was demonstrated from 2009 to 2014 (Fig. 1) . The limits set by the ITU -every National Federation can register up to Table 2) . 6 During the examined period from 2009 to 2014, an overall total of 13,683 participants were registered for all starter groups at the ITU World Championships. The year with the most registered participants was 2012 (Auckland) with 3,098 athletes; the smallest number of registered participants was in 2011 (Beijing) with 1,840 athletes. The largest age groups were 40-44 years for male athletes with 500 and 35-39 years for female athletes with 337, all of whom finished the race (Fig. 1) . The number of participants per nation varied depending on the country hosting the event. For example, 264 Hungarian age group athletes participated in Budapest 2010, but only two in Beijing 2011 (Table 2) .
Performance Trends across Years
For the performance trends, the results of each age group in 2009 were taken as the baseline and then tracked through until 2014. Table 3 presents the results of the mixed-effects regression analyses and Table 4 shows the split times, overall race times and transition times for women and men acrossall age groups. In swimming, athletes improved in age groups 25-29 years to 55-59 years, but not in the younger (18-24 years) and older (> 60-64 years) age groups. In cycling, athletes in age groups 18-24 years to 70-74 years improved, but not in the age group 75-79 years. In running, athletes in age groups 18-24 years, 30-34 years, 35-39 years and 65-69 years improved, but not in the other age groups. Overall race time was improved in age groups 18-24 to 65-69 years, but not in age groups 70-74 years and 75-79 years. Transition times were improved by all age group athletes. For the analysis of performance trends by sex, the performance of men was taken as the baseline. Specific analysis of the women compared the difference in performance with this baseline. Men were faster than women in most age groups. Women were slower than men in swimming, cycling, running and overall race time in age groups 18-24 years to 70-74 years, but not in the age group 75-79 years. Regarding transition times, women were slower than men in age groups 18-24 years to 65-69 years, but not in age groups 70-74 years to 75-79 years.
Sex Differences in Performance
Figures 2-6 show the trends in sex difference in performance for overall race time, transition times, swimming, cycling, and running. The difference in overall race time between male and female athletes was 2% in 2011 for athletes in age group 25-29 years and 24% for athletes in age group 80-84 years in 2014. The female athletes achieved an average rate of 112% of the male race time over all age groups. Except for an improvement in running performance for women in the age group 75-79 years compared to the same age group of men, along with an increase in transition times for women as opposed to men in the age group 50-54 years, no variation was shown. 
Discussion
The aim of this study was to examine the performance trends of age group triathletes competing in the Olympic distance triathlons at international level between 2009 and 2014 by age group and sex. The main findings of the present study were that (i) women improved performance in most age groups across years and (ii) the sex difference in performance between women and men remained constant.
Participation Trends
Participation rates were very constant, as no change in the number of participants in any of the age groups was shown. These findings did not initially seem surprising, because the participant quotes for the World Triathlon Series were limited by the ITU. 7 However, we could demonstrate that these quotes were only utilized by a few of the federations (i.e. Australia, Great Britain, New Zeeland, Hungary, China and Canada) between 2009 and 2014 ( Table 2) . This means that the number of participants could have increased, but the composition of the starter field varied depending on the venue (Table 2) . Reasons for this could have been travel costs and the time for the journey and the competition (14) . The constant numbers of participants at international level might correlate with the ongoing enthusiasm for the triathlon sport. In 2013, a total of 2.1 million active triathletes were registered worldwide. The years from 2007-2013 revealed a yearly increase averaging 15% and the worldwide number of triathlon clubs was reported to be about 9,000. 8 The results in the present study were in line with those of Etter et al. (17) , who reported constant participation numbers in all male age groups, as well as in younger and older female age groups for the Olympic distances at the 'Zurich Triathlon' held from 2000 to 2010. Increasing numbers of participants were only shown in the three female age groups from 40-44 to 50-54 years (18) . In previous studies, there seemed to be a trend of increasing participation in longer distances and in more extreme competitions, such as long-distance swimming (33), long-distance running (28, 64, 65) and long-distance cycling (24, 53, 55, 63) . However, the trend of an increasing number of participants, as shown for longer distances in triathlon and in the Ironman distance or ultra-triathlon distances (31, 46) , was not confirmed by the present study. For the Ironman triathlon, Lepers et al. showed in their study that there was an age-related effect on the number of participants (i.e. a lower number of under 40-yearold athletes, while the number of older athletes increased) (40) . Perhaps this shows a trend towards longer distances.
Performance Trends in Swimming
In swimming, athletes improved in age groups 25-29 years to 55-59 years, but not in younger (18-24 years) and older (> 60-64 years) age groups. The positive performance trend in the 25-59-year-old athletes may be the result of increased experience in swimming and competing (36) . Bongard et al. (8) showed that the 1-year age-related declines in the performance of athletes were more than four times as great at 80 years than at 20 years of age, so perhaps the effect of more experience in swimming and competition is less pronounced than the effect of an agerelated decline. An improvement in swimming times for these older athletes would therefore be implausible.
Performance Trends in Cycling
In cycling, athletes in age groups 18-24 years to 70-74 years improved, but not in the age group 75-79 years. The positive performance trend in cycling can certainly be partly explained by the ongoing advancements in racing bike technology. Bicycle frames, especially for triathlon and time trail races, have become more aerodynamic and also more affordable (29) . In addition, electronic gear changing, which was introduced in 2009 by Shimano for example, allows faster and more precise gear changes with less energy expenditure and consequently has a positive effect on performance. 9 Optimized nutrition and liquid intake can result in a better general feeling and consequently better performance levels in cycling, as found by Maunder et al. (45) . Peiffer et al. (49) showed a lower efficiency for cycling amongst master triathletes compared to younger athletes. This could explain why athletes in the age group 75-79 failed to improve their cycling performance.
Performance Trends in Running
In running, athletes in age groups 18-24 years, 30-34 years, 35-39 years and 65-69 years improved, unlike those in the other age groups. An explanation for the improvement of running times could be found in better performance in transition zones caused by training and experience, resulting in better preconditions for running and reduced neuromuscular fatigue (47) . A study by Rendos et al. (51) showed an increased risk of running injuries during the first 14 min of running after a minimum of 30 min cycling. Beside a stronger focus on pure running training, an additional targeted transition zone training can also lead to a reduction in transition times and an improvement in running performance (26) . Due to the conservation of energy reserves, ascertaining optimal seat position while cycling has a direct effect on running performance and this is independent of an athlete's training schedule for running (23, 56) . As with swimming, drafting could also help explain the positive performance trend (12) , as according to ITU competition rules, drafting is not forbidden 10 . The significant effect of drafting on elite runners' running performance over 3000 m was highlighted by Zouhal et al. (68) .
The lack of an improvement in the running performance of athletes in age groups >70 years can be explained by the higher energy cost of running in master athletes compared to younger participants, as described by Peiffer et al. (20) .
Performance Trends in Overall Race Time
Overall race time was improved in athletes in age groups 18-24 to 65-69 years, but not in age groups 70-74 years and 75-79 years. In these oldest age groups only 142 (101 men and 31 women) athletes participated at the World Championships in the Olympic distance triathlon from 2009 to 2014. This small number of athletes may influence the results. The analyzed time period of five years is too short to detect an improvement in the performance of the oldest athletes because, as shown by Forster et al. (19) , the development of performance occurs slower than in younger age groups. Some of the older athletes may also have reached their upper limit of performance.
Performance Trends in Transition Times
Transition times were improved by all age group athletes. This may be the result of frequent training of the changes between the single disciplines and increasing experience. Both Heiden & Burnett (26) and Millet & Vleck (47) recommend specific training to enable efficient progression through the transition zones. They reported: 'this is particularly so at the top end of the field. For example, at the 1997 World Championships, Chris McCormack took the lead over his opponents with a gap of eight seconds earned in the transition area, and was never caught' (47) . The proportionate share of transitions represents only ≤ 1% of the total time consumed (20) . Despite the fact that this represents only a small part of the total time, with an increasingly high level of competition, this aspect can be decisive.
Men Were Not Faster in Older Age Groups Compared to Women
Women were slower than men in swimming, cycling, running and overall race time in age groups 18-24 years to 70-74 years, but not in the age group 75-79 years. In the age group 70-75 years in 2009 only 2 women (USA) and in 2014 only 3 women (2x USA, 1x GBR) participated and in 2014 one athlete did not finish the race. Compared to this small group, 26 male athletes took part. With a look at the expectancy of life in these countries (USA m/f 75.6/80.8 y, GBR m/f 77.2/81.6 y) one would expect more female athletes than males. 11 This leads to the assumption that men and women participate for different reasons (38) . It is possible that women only take part in competitions when they feel sufficiently prepared and equipped, so that they are really able to compete with male athletes of the same age.
Sex Difference in Performance
The performance difference between male and female athletes remained constant from 2009 to 2014. In agreement with Etter et al. (17) , who reported in their study of Olympic distance triathlons held from 2000 to 2010 at the 'Zurich Triathlon', no changes in sex difference in total times or in the three individual disciplines for the five top elite triathlon athletes were shown. In running, numerous studies have reported a rapprochement of female performance levels to those of men at increasing distances (4, 5, 13, 28) . Similar results were reported by Lepers et al. (40) for the Ironman distance triathlon over 25 years from 1986 to 2010, although the sex difference for the age group 18-39 years remained constant. When comparing the Olympic distance to longer distances, the energy-generation advantages of the female organism reported for ultralong distances (4, 5, 13) cannot be a significant factor.
Alongside the distance of the competition, Salihu et al. (54) found that drafting (which is not allowed in cycling for age group athletes in Olympic distance triathlon) generally has an influence on the sex difference. 12 
Strengths and Weaknesses of the Study
The strength of this study is the sizeable amount of data provided by all World Championship age groups athletes in Olympic distance triathlons from 2009 to 2014. A total of 6,484 data sets were analyzed. The results from London 2013 had to be excluded due to the different swimming distance. The varying effect of external influences such as terrain, race route, altitude, air and water temperature, transition zone set-ups, wind strength and wind direction were not assessed (15, 16, 20, 57, 62) . The fact that the ITU will record water and air temperature, as well as details such as whether or not wetsuits were worn, could help clarify some of the parameters mentioned above. 13 Future studies should examine performance trends in the Olympic triathlon over a longer period (21) and at the same competition site, to show the direct influence of these specific parameters on outcomes, as Lepers et al. (40) have demonstrated with their study of performance trends at the 'Ironman Hawaii'. The range of technical equipment used and worn by the athletes could also not be taken into in this study. A comparative study between athletes competing with, for example, mechanical as opposed to electronic gear shifting could help triathletes with their choice of equipment. Similar study models would likewise be meaningful for setting up training and nutrition programs. Even though the age-related performance peaks are in the younger age groups, as already investigated for various distances (6, 17, 18, 39, 58) , we showed in our study that athletes can still improve their personal performance in higher ages. The positive performance trend for the female sex indicated an improvement in training, optimization of competition tactics and better equipment, meaning that women can improve their performance over the entire age range and in all disciplines. Further studies should be performed to find out the specific influence of equipment, training, tactics and techniques on competition performance.
Today's society demands body fitness and performance up to a relative old age (38) . Regular training cannot stop people getting old, but it can decelerate the aging process (42-44, 50, 61) . In addition to the increasing number of events and participants in a wide range of endurance competitions (66 67) , in triathlons with longer distances, the top athletes are getting older (37) . Moreover, the trend shows that winners are increasingly coming from higher age groups and that the winning times are improving. Gallman et al. (21) were able to provide evidence for this from the 'Ironman Hawaii'. As part of optimized training, target split times can predict the final position in the race, which helps to define race tactics (48) . This knowledge should be considered for training, competition and career planning (22, 37) .
Practical Applications
For athletes and coaches, age group athletes competing in Olympic distance triathlons in recent years showed an improvement in split times, overall race times and transition times. As already mentioned, the focus should be placed on target split times to predict the final position in the race (48) . Transition zone training is also important, as shown by Heiden & Burnett (26) and Millet & Vleck (47) , because as levels of competition, this can also be decisive. Based upon these findings for a relatively short period of time, we expect a further improvement in performance. As women older than 75 years were able to achieve a similar performance tomen, coaches need to encourage elderly women to continue training and competing in order to beat men in the higher age groups. More substantial physiology-based research is recommended, especially in the area of ageing and athlete performance.
